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Abstract 
H9N2 avian influenza virus (AIV) infection is a major problem in poultry industry worldwide.  In this study, molecular char-
acterizations and phylogenetic relationships of hemagglutinin (HA) gene sequences of H9N2 AIV of 5 Chinese isolates in 
2014 recently available in GenBank, 3 widely used vaccine strains, and 52 novel isolates in China from 2013 to 2015 were 
analyzed.  The homology analysis showed that the nucleotide sequences of HA gene of these recent Chinese H9N2 AIV 
isolates shared homologies from 94.1 to 99.9%.  Phylogenetic analysis showed that all isolates belonged to AIV lineage 
h9.4.2.5.  Fifty-six out of the 57 recent Chinese H9N2 AIV isolates had the motifs PSRSSR↓GLF at the cleavage sites within 
the HA protein, while one isolate PWH01 harbored LSRSSR↓GLF.  Remarkably, all of the recent Chinese H9N2 AIV strains 
had the Q216L substitution in the receptor binding site, which indicated that they had potential to infect humans.  Most of 
recent Chinese H9N2 AIV isolates lost the potential N-linked glycosylation site at residues 200–202 compared with vaccine 
strains.  This present study demonstrated that AIV lineage h9.4.2.5 was more predominant in China than other lineages as 
it harbored all the H9N2 AIV isolated between 2013 and 2015.  Also we showed the importance of continuous surveillance 
of emerging H9N2 AIV in China and update of vaccine formulation accordingly in order to prevent and control H9N2 AIV.   
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1. Introduction 
Avian influenza virus (AIV) had been widespread worldwide 
in multiple avian species and occasionally transmitted to 
mammalian species, resulting in thousands of fatalities in 
the affected population and a cascade of economic damage 
(Abolnik et al. 2010; Brown 2010).  AIV belonged to influenza 
A viruses (IAVs) which are classified into different subtypes 
based on their type of hemagglutinin (HA) and neuramin-
idase (NA) (Baker et al. 1987; Fouchier et al. 2005; Tong 
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et al. 2012, 2013).  The H9N2 subtype AIV had been wide-
spreading worldwide, with the first reported infectious case in 
turkeys in Wisconsin in 1966 (Homme and Easterday 1970). 
In the mainland of China, H9N2 AIV was first detected from 
chickens in Guangdong in 1994, before that, H9N2 subtype 
AIV were isolated only from domestic ducks during influenza 
virus surveillance from 1976 to 1980 (Shortridge 1992; Liu 
et al. 2003).  Subsequently, the viruses spread to several 
other provinces and resulted in severe economic losses 
for poultry industries (Chen et al. 2013).  Currently, H9N2 
viruses have become predominant AIV that are circulating 
in chickens in China (Xue et al. 2014).  
Detailed antigenic and genetic analysis of the H9N2 AIV 
revealed that two distinct lineages were presented, which 
include the North American type and the Eurasian type.  The 
Eurasian lineage can be divided into three major groups 
which include G1-like viruses represented by A/Quail/Hong 
Kong/G1/97(G1), Y280-like represented by A/Duck/Hong 
Kong/Y280/97(Y280), and Y439-like represented by A/Duck/
Hong Kong/Y439/97(Y439) (Guan et al. 1999; Matrosovich 
et al. 2001).  H9N2 AIV infections normally result in mild 
respiratory symptoms and egg production decline.  However, 
it can lead to severe infection and moderate mortality in 
chicken population when co-infected with other pathogens, 
such as Escherichia coli (Brown et al. 2006).  Moreover, 
previous studies revealed that some avian H9N2 influenza 
viruses have acquired receptor binding characteristics 
typical of human strains (2,6-NeuAcGal), and transmitted 
from poultry to mammalian species, including humans and 
pigs occasionally (Saito et al. 2001; Butt et al. 2005).  In 
addition, previous studies indicated that H9N2 AIV contain 
internal genes highly homologous with human H10N8, or 
H7N9 AIV, which further indicated that the H9N2 influenza 
virus variants.  As an internal gene donor, H9N2 AIV may 
play an important role in the in the generation of new viruses 
with cross-species transmissibility and pathogenicity (Dai 
et al. 2014; Ye et al. 2016).  
Hemagglutinin is the major envelope glycoprotein in IAVs 
and it induces neutralizing antibodies predominantly during 
both natural infection and following vaccination (Skehel and 
Wiley 2000).  Inactivated vaccines derived from early H9N2 
AIV isolates have been used in chicken farms to limit disease 
in China since 1998.  However, the commercial vaccines 
did not provide complete protection to prevent the infection 
from endemic strains and serious infection occurred even in 
some vaccinated flocks (Sun et al. 2012).  In this study, new 
emerging H9N2 subtype AIVs were isolated from chickens 
between October 2013 and January 2015 in China.  Phy-
logenetic relationships and molecular characterizations of 
HA genes of the virus sequences were analyzed to provide 
useful information for the epidemiological control of H9N2 
AIV and vaccine candidate selection.    
2. Materials and methods 
2.1. Virus 
Fifty-two H9N2 influenza virus strains were isolated from 
chickens in poultry flocks in Zhejiang, Guangdong, Guangxi, 
Jiangsu, Guizhou, Hubei, Hunan, and Henan provinces/
autonomous regions in China in the period from October 
2013 to January 2015 (Appendix A).  The chickens showed 
typical respiratory symptoms with 1–30% mortality rate in 
the isolated cases.  Tracheal swabs, cloacal swabs, and 
clinical samples (including trachea, spleen, kidney, liver, 
lung and other tissue samples) were collected from dead or 
diseased chickens.  Swabs and clinical samples prepared 
in phosphate-buffered saline were filtered through 0.22-μm 
filters, and were propagated in specific pathogen free (SPF) 
embryonated chicken eggs via allantoic route and were in-
cubated for 48 h at 37°C.  The allantoic fluids containing the 
propagated virus of the embryos were collected for further 
analysis.  Hemagglutination inhibition (HI) and neuramin-
idase inhibition (NI) tests were performed to identify the 
virus subtypes, and antisera which were specific for the 
referenced strains of influenza virus were used.    
2.2. RT-PCR and sequencing 
The viral RNA was extracted directly from the allantoic fluid 
using AxyPrep Body Fluid Viral DNA/RNA Miniprep Kit (Ax-
ygen Inc., USA) following the manufacture’s protocol.  One-
step RT-PCR was performed using the PrimeScript® One-
Step RT-PCR Kit (TaKaRa Biotechnology, Dalian, China) 
in 20 μL reaction volumes that contained 17 μL of RT-PCR 
PreMix (reaction buffer, dNTPs, 1 μL of enzyme mix), 2 μL 
of extracted viral RNA and 0.5 μL (10 pmol) each of primers 
specific for HA gene (H9-F: 5´-CAAGATGGAAGTAGTAT 
CACT-3´, and H9-R: 5´-TTGCCAATTATATACAAATGT-3´). 
The RT-PCR amplification conditions were as follows: 50°C 
for 30 min, 94°C for 5 min, 30 cycles of 94°C for 40 s, 55°C 
for 40 s, 72°C for 2 min, respectively, and finally, extension 
at 72°C for 10 min.
2.3. Gene sequence and phylogenetic analyses 
PCR products were purified using an AxyPrep DNA Gel 
Extraction Kit (Axygen Inc., USA) according to the manu-
facture’s instruction, and the product was cloned into pMD-
18T vector (TaKaRa Biotechnology, Dalian, China) for later 
sequencing.  The purified recombinant plasmids were se-
quenced by AuGCT Biotechnology (Beijing) Co., Ltd.  To pro-
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vide a more complete picture of the genetic evolution of this 
emerging strain, the 52 novel isolates and 5 Chinese H9N2 
AIV sequences from July 2014 to December 2014 available 
in GenBank were used for multiple sequence alignments 
with 25 representative H9 strains available in GenBank 
using the ClustalX program.  The phylogenetic tree was 
generated by the neighbor-joining method using MEGA 5 
software, and bootstrap values were calculated from 1 000 
replications of the alignment (Edgar 2004).  Lineages and 
sublineages were classified and designated according to 
genetic distances and topology of the phylogenetic trees 
(Jiang et al. 2012).  The molecular characteristics of the de-
duced amino acid sequence of the 57 nucleotide sequences 
were analyzed.  Deduced amino acid sequence of HA genes 
of the 57 recent viruses were submitted for prediction and 
analysis of potential N-glycosylation sites (PGS) using the 
Center for Biological Sequence Analysis online server 1.0 
(http://www.cbs.dtu.dk/services/NetNGlyc/).
2.4. Nucleotide sequence accession numbers
The 52 HA nucleotide sequences of novel isolates in this 
study were deposited in GenBank under accession numbers 
KT023014–KT023065.
3. Results 
3.1. Homology analysis 
The open-reading frames (ORF) sequence of H9N2 AIV 
(1 683 bp), coding for 560 amino acids, including a signal 
peptide (residues 1–18), a HA1 (residues 19–337), a HA2 
(residues 339–560) and an arginine (residue 338).  Ho-
mology analysis was performed to compare the nucleotide 
sequences of HA genes of the recent viruses with the 
vaccine strains (A/chicken/Guangdong/SS/94, A/chicken/
Shandong/6/96, and A/chicken/Shanghai/F/98) which were 
used in China.  The homology of the nucleotide sequences 
of HA genes among the recent viruses were ranged from 
94.1 to 99.9%.  Remarkably, the recent viruses shared 
nucleotide similarities from 88.5 to 91.9% compared with 
the vaccine strains, which indicated that most of the recent 
virus strains had significant genetic distances with the 
vaccine strains.  
 
3.2. Phylogenetic analysis 
As shown in Fig. 1, the sequence of 52 Chinese H9N2 AIV 
isolates in this study, 5 strains isolated in 2014 and 25 ear-
lier H9N2 AIV viruses were used for phylogenetic analysis 
based on the HA genes according to the new nomenclature 
system (Liu et al. 2009).  The phylogenetic analysis revealed 
that the H9N2 AIV isolated from 2013 to 2015 belonged to 
lineage h9.4.2 represented by A/chicken/Beijing/1/94 or A/
Duck/Hong Kong/Y280/97 strains, which is the lineage con-
taining recently epidemic strains in China.  In the previous 
study, the lineage h9.4.2 was further divided into 6 tertiary 
lineages from h9.4.2.1 to h9.4.2.6 (Jiang et al. 2012).  Based 
on these tertiary lineages, the H9N2 AIV isolated between 
2013 and 2015 belonged to lineage h9.4.2.5 and indicated 
that lineage h9.4.2.5 viruses are becoming predominant in 
south-central China.  As the result showed, all of the recent 
viruses had far genetic distances from the 3 vaccine strains 
which belonged to lineages h9.4.2.1 and h9.4.2.3.
3.3. Key site analysis of deduced amino acid se-
quences
The cleavage sites of deduced amino acid sequences of 
HA genes were determined and compared between the 
H9N2 AIV isolated from 2013 to 2015 and those represen-
tative of other sublineages and vaccine strains (Table 1). 
The cleavage sites of precursor HA protein of the recent 
viruses in lineage h9.4.2.5 showed relatively uniform motifs 
PSRSSR↓GLF.  However, one isolate PWH01 harbored 
LSRSSR↓GLF motif.  These 2 motifs were different from 
those of vaccine strains and sublineages representative 
viruses.  All of isolated H9N2 AIV between 2013 and 2015 
met the characteristic of low-pathogenic avian influenza 
virus because they lacked multiple basic residues at the 
cleavage sites.  
Amino acids in the receptor-binding site of the HA pro-
teins are associated with the receptor-binding specificity 
(Suzuki 2005).  As shown in Table 1, most of these amino 
acid residues were conserved among the H9N2 AIV isolated 
from 2013 to 2015.  There were 2 remarkable substitution 
mutations at position 180 in the receptor-binding site and 
position 131 in the right-edge of binding pocket: A180V 
(or T) and T131K (or R).  Remarkably, all of the H9N2 AIV 
isolated from 2013 to 2015 had a leucine residue at position 
216 (amino acid 226 in H3) instead of a glutamine which 
compared with the vaccine strains, it indicated that these 
viruses had the characteristic of human influenza virus-like 
receptor specificity.
Potential N-glycosylation sites (PGS) of HA genes that 
have the featured sequence of N-X-T/S (X can be any amino 
acid except proline), have a certain impact on the virulence 
of the influenza virus (Arnold et al. 2007).  PGS of HA of 
H9N2 AIV isolated from 2013 to 2015 and vaccine strains 
were predicted that were shown in Table 2.  The results 
showed that PGS had 11 different positions (positions 11–13, 
123–125, 127–129, 178–180, 188–190, 200–202, 280–282, 
287–289, and 295–297 in HA1, and positions 154–156, 
213–215 in HA2) among the H9N2 AIV isolated from 2013 to 
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Fig. 1  Phylogenetic relationship of the HA genes of H9N2 AIV isolates.  The isolated viruses in this study were marked with ▲, 5 
Chinese 2014 isolates recently available in GenBank were marked with △, vaccine strains in mainland China were marked with 
■.  The □ stood for the references of lineage h9.4.2.5, and the isolates marked with ● stood for representative strains of sub 
lineage grouping.
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2015.  Most of the PGSs found in this study were conserved 
among the recent viruses except the positions 127–129 
and 200–202.  There were 41 of the 57 recent viruses that 
lost PGS at positions 200–202, and it is noteworthy that 11 
recent viruses which were isolated after July 2014 lost PGS 
at positions 127–129.  An exception was found in the YYL02 
and 014 strains, which carried additional PGS at positions 
178–179 and 188–190, respectively.  There is a special case 
that Y112 strain lost PGSs at 123–125, 127–129, 200–202 
and carried only 6 PGSs.  The PGSs of 57 recent viruses 
were very different from the vaccine strains.
4. Discussion 
As the previous study reported, wild aquatic birds are 
the natural host of H9N2 AIV, however, the host range of 
H9N2 AIV are being pushed further out and the virus had 
transmitted to mammalian species such as humans and 
pigs, remarkably (Yu et al. 2008; Cheng et al. 2011).  In 
recent years, the prevalence of this virus was getting more 
complicated when co-infected with other pathogens, it can 
lead to serious harm to the development of poultry industry. 
The described characterization of H9N2 AIV was based on 
Table 2  Potential N-glycosylation sites (PGS) of the H9N2 AIV isolated between 2013 to 2015 and sublineages representive strains 
Virus1) 
Potential N-glycosylation sites
HA1 HA2
11–132) 123–125 127–202 178–180 188–190 200–202 280–282 287–289 295–297 154–156 213–215
WYM10 NST NVS – – – – NTT NVS NCS NGT NGS
DX10 NST NVT NVT – – – NTT NVS NCS NGT NGS
DZL10 NST NVS NVS – – NRT NAT NVS NCS NGT NGS
FJZ10 NST NVS NVS – – – NTT NVS NCS NGT NGS
NGP11 NST NVS NVS – – NRT NTT NVS NCS NGT NGS
Y112 NST – – – – – NTT NVS NCS NGT NGS
YYL02 NST NVS NVS NTT – – NTT NVS NCS NGT NGS
014 NST NVS – – NDT – NTT NVS NCS NGT NGS
015 NST NVS – – – – NTT NVS – NGT NGS
■SH/F/98 NST NVS NVS – – NRT NTT NVS – NGT NGS
■GD/SS/94 NST NVS NVS – – – NTT NVS – NGT NGS
■SD/6/96 NST NVS NVS – – – NTT NVS – NGT NGS
1) The isolate WYM10 represented for strains QQX10, HY003, HY004, HY005, KPH01, KPL01, KPS01, GX01, and SH01.  The isolate 
DZL10 represented for strains YLH12.  The isolate FJZ10 represented for strains GCH11, LJF11, CHL11, CYY11, LBJ11, ZLR12, 
LYX12, TJM12, WZP12, ZH12, ZWP12, ZSQ01, PWH01, QGS01, LLZ01, LGQ02, LGS02, LDJ02, JZG02, ZRQ02, SJM02, LGQ03, 
LMG03, LMG03, NJQ04, and ZJP04.  The isolate NGP11 represented for strains WLJ11, XY12, YD12, SMX12, WSX12, XRJ12, 
LMN01, YYX01, CLB02, PSF02, FHB03, FGF03, and ZLH04.
2) Position numbers are for amino acid residues of the H9N2 HA.
–, the absence of potential glycosylation sites.
Table 1  Receptor-binding pocket and cleavage site of H9N2 subtype AIV isolates and vaccine strains1)
Virus2) Receptor-binding site Left-edge of binding pocket Right-edge of binding pocket Cleavage site 
WYM10 PWTNTLY NGLMGR GTSTA PSRSSR↓GLF
DX10 PWTNVLY NGLMGR GTSKA PSRSSR↓GLF
XY12 PWTNALY NGLMGR GTSKA PSRSSR↓GLF
SMX12 PWTNTLY NGLMGR GTSKA PSRSSR↓GLF
PWH01 PWTNALY NGLMGR GTSKA LSRSSR↓GLF
GX01 PWTNTLY NGLMGR GTSNA PSRSSR↓GLF
■SH/F/98 PWTNALY NGQQGR GTSKA PARSSR↓GLF
■GD/SS/94 PWTNALY NGQQGR GTSKA PAGSSR↓GLF
■SD/6/96 PWTNALY NGQQGR GTSKA PARSSR↓GLF
★Y280/97 PWTNTLY NGLQGR GTSKA PARSSR↓GLF
★G1/97 PHTHELY NDLQGR GISRA PARSSR↓GLF
★Y439/97 PWTHELY NDQQGR GRSRA PAASNR↓GLF
1) Receptor-binding site (RBS), residues at positions 92, 143, 145, 173, 180, 184, and 185; left-edge of binding pocket, residues at 
positions 214–219; right-edge of binding pocket, residues at positions 128–132; cleavage site, amino acid residues at positions 315–
323.
2) The isolate WYM10 represented for strains ZRQ02, SJM02, QQX10, HY003, HY004, HY005, KPH01, KPS01, and SH01.  The isolated 
DX10 represented for strains DZL10, FJZ10, GCH11, NGP11, WLJ11, LJF11, CHL11, CYY11, LBJ11, YD12, YLH12, ZLR12, LYX12, 
WZP12, Y112, ZH12, ZWP12, ZSQ01, CLB02, PSF02, LMG03, FHB03, ZLH04, and NJQ04.  The isolated XY12 represented for 
strains XRJ12, QGS01, LMN01, YYX01, and FGF03. The isolated SMX12 represented for strains TJM12, WSX12, LLZ01, LGQ02, 
LGS02, LDJ02, YYL02, JZG02, LGQ03, ZJP04, SH014, SH015, and KPL01.  ■ indicates the vaccine strains in mainland China; ★ 
indicates the representative strains of sub lineages.  The same as in Table 2.
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52 viruses that were isolated in China from October 2013 
to January 2015 and 5 Chinese H9N2 AIV sequences 
from July 2014 to December 2014 that were available in 
GenBank.  In total, 34 out of the 57 recent Chinese H9N2 
AIV were isolated in winter, and 16 strains were isolated in 
spring, however, only 7 strains were isolated in summer. 
The characteristics of these recent strains suggested that 
the prevalence of H9N2 AIV seemed more preferable to 
spring and winter.  
Long-term studies of H9N2 AIV by researchers showed 
that the overwhelming majority of isolates examined in 
China in the past 15 years (1998–2013) belong to clade 
h9.4.2 which could be further divided into 6 sublineages. 
Most of the viruses in lineages h9.4.2.1–h9.4.2.4 were 
isolated before 2007, while most of the H9N2 strains in 
lineages h9.4.2.5 and h9.4.2.6 were isolated after 2007. 
Furthermore, new lineage h9.4.2.6 existed mainly in South 
China, taken together, lineages h9.4.2.5 and h9.4.2.6 H9N2 
AIV were the mainly prevalent virus subtype in chickens in 
China (Sun et al. 2010; Jiang et al. 2012; Zhang et al. 2012; 
Chen et al. 2013).  Remarkably, the phylogenetic analysis 
of this study showed that all the 57 recent Chinese H9N2 
AIV isolates belonged to lineage h9.4.2.5, indicating that 
the territorial range of h9.4.2.5 subtype H9N2 AIV continued 
to expand and became dominant.  As shown in Fig. 1, the 
homologous among this h9.4.2.5 subtype viruses was not 
high, we believe that it is necessary for long-term monitoring 
and further division of this subtype viruses to make a sense 
of the prevalence of h9.4.2.5 subtype viruses.  
Vaccination is an optimal strategy to prevent pandemic 
influenza, but it was reported that the incomplete protection 
induced by the vaccination may resulted in antigenic drift of 
the H9N2 viruses (Li et al. 2005).  In this study, the homology 
analysis and phylogenetic analysis of HA genes showed that 
the H9N2 AIV isolated between 2013 and 2015 had a distant 
genetic relationship compared with the vaccine strains.  It 
is acknowledged that the efficient vaccine strains should be 
selected from the actual epidemic strain or at least from an 
antigenically well-matched strain (Lu et al. 2001).  Antigenic 
analysis of the recent viruses need to be conducted in future 
studies to evaluate the antigenic relationship between the 
emerging viruses and current commercial vaccine strain to 
determine whether it is necessary to update the vaccine 
formulation accordingly for reacting well with the emerging 
viruses.
Previous study had shown that the percentage of H9N2 
AIV possessing the PSRSSR↓GLF instead of PARSS-
R↓GLF amino acid sequence motif in the HA cleavage site 
dramatically increased beginning in 2005, and the further 
investigation indicated that the A316S substitution at cleav-
age site of HA significantly strengthen the virulence of H9N2 
AIV in chickens individually or combined with the 3-amino 
acid deletion in NA collectively (Sun Y et al. 2013).  Most 
of the lineage h9.4.2.5 viruses had the cleavage site motif 
PSRSSR↓GLF, while for the lineage h9.4.2.6, most viruses 
harbored PARSSR↓GLF between 2010 and 2013 based on 
previous studies (Chen et al. 2013; Shen et al. 2015).  It is 
noteworthy that all of the H9N2 AIV isolated in this study 
between 2013 and 2015 harbored the A316S substitution 
at cleavage site.  The receptor-binding specificity of HA was 
considered to be associated with the amino acid sequence 
in the receptor-binding site (Suzuki 2005).  Previous studies 
showed that the Q216L (amino acid 226 in H3) substitution 
at RBS of HA had the potential of change in host specificity, 
because those that have L216 bind to the 2,6-NeuAcGal 
linkage, whereas those that have Q216 bind to the NeuA-
ca2,3-Gal linkage (Rogers et al. 1983; Weis et al. 1988). 
Viruses that had a change from Q216 to L216, typical of HA 
of many human influenza viruses, might have the potential 
to infect mammalian species (Matrosovich et al. 2000). 
Studies have shown that most of the H9 strains isolated 
between 1998 and 2003 contained Q216, remarkably, the 
proportion of viruses isolated with L216 had jumped to 76% 
in the 2000s from 34.3% in the 1990s, and viruses with L216 
become a dominant note between 2010 and 2013 (Lin et al. 
2000; Ji et al. 2010; Zhang et al. 2012; Chen et al. 2013; 
Shen et al. 2015).  All of the recent viruses in our study had 
a L216 residues in HA protein, indicating that these viruses 
might have the potential ability to infect human species, 
which demonstrated that the emerging H9N2 AIV represent 
a very serious public health risk.  
Previous study found that N-Linked glycosylation of 
HA protein contributed to the evasion of the host’s innate 
immune system and survive, as reported for H1 and H3 
subtype of human influenza viruses (Tate et al. 2014).  The 
main research of PGS of H9N2 AIV was through molecular 
epidemiological survey to monitor changes in glycosylation 
site, and it had found that H9N2 AIV varies in the number 
of PGS and no single specific PGS has been confirmed to 
correspond with adaptation to accommodate land-based 
poultry (Perez et al. 2003).  Recently, H9 variant strains 
carrying the substitution S127N was described and this 
mutation was reported to enhance the pathogenicity to 
SPF chicken, SPF chicken embryo and cells (Zhao et al. 
2011; Chen et al. 2013).  The substitution S127N in HA 
protein of H9N2 AIV was a rare phenomenon in the previous 
study (Sun et al. 2010; Zhao et al. 2011; Chen et al. 2012, 
2013), so it is striking that 77% of the recent viruses in this 
study carried the substitution S127N, which indicated the 
potentiality of enhancement of pathogenicity.  Remarkably, 
the recent viruses isolated after April 2014 carrying substi-
tution N127D of HA1, suggesting a new trend is emerging. 
There was an exceptional isolate YYL02, which harbored 
substitutions D196N and V198T accordingly that creating a 
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new glycosylation site at positions 178–180.  Another new 
potential glycosylation site at residues 188–190 (caused by 
the substitution T188N) was considered to decrease affinity 
of HA for cell receptors, resulted in the reduction in virulence 
for mice (Kaverin et al. 2004).  The overwhelming majority 
of viruses isolated between 1998 and 2013 had the PGS 
at amino acid positions 200–202 in HA1 (Li et al. 2005; Bi 
et al. 2010; Chen et al. 2012, 2013; Shen et al. 2015), on the 
contrary, in this study, 41 out of the 57 recent Chinese H9N2 
AIV isolates lost the PGS at amino acid positions 200–202 
in HA1 caused by the substitution of threonine (T) to other 
residue compared with the vaccine strains.  The loss of 
PGS in HA was found to increase the binding affinity to hu-
man-like receptors and enhance pathogenicity (Sun X et al. 
2013).  The further studies should be designed to determine 
the effects of the loss of PGSs upon the proliferation and 
antigenicity of the viruses.
5. Conclusion 
In this study, our observations demonstrated that H9N2 AIV 
circulated continually in chickens in China and the lineage 
h9.4.2.5 viruses became the emerging epidemic strains. 
In addition, all of the H9N2 AIV isolated between 2013 and 
2015 contain human-like receptor specificity which indicated 
the potential of cross-species transmission.  Also the results 
showed that the lineage h9.4.2.5 viruses losing the PGS at 
positions 200–202 would become a prevailing trend in China. 
Furthermore, the genetic and phylogenetic analysis showed 
a distant genetic relationship between recent Chinese H9N2 
AIV isolates and the vaccine strains.  Therefore, this study 
emphasized the importance of continuous surveillance of 
emerging H9N2 AIV in China to understand the epidemic 
trend of H9N2 AIV and find potentially pandemic strains in 
a timely manner.
Acknowledgements 
This work was supported by the National Modern Agricultural 
Industry Technology System Project of China (CARS-41) 
and the Science and Technology Plan Project of Guangdong 
Province, China (2012B020306002 and 2012B091100078).
Appendix associated with this paper can be available on 
http://www.ChinaAgriSci.com/V2/En/appendix.htm
References
Abolnik C, Gerdes G H, Sinclair M, Ganzevoort B W, Kitching J 
P, Burger C E, Romito M, Dreyer M, Swanepoel S, Cumming 
G S, Olivier A J. 2010. Phylogenetic analysis of influenza A 
viruses (H6N8, H1N8, H4N2, H9N2, H10N7) isolated from 
wild birds, ducks, and ostriches in South Africa from 2007 
to 2009. Avian Diseases, 54, 313–322
Arnold J N, Wormald M R, Sim R B, Rudd P M, Dwek R A. 
2007. The impact of glycosylation on the biological function 
and structure of human immunoglobulins. Annual Review 
of Immunology, 25, 21–50.
Baker A T, Varghese J N, Laver W G, Air G M, Colman P 
M. 1987. Three-dimensional structure of neuraminidase 
of subtype N9 from an avian influenza virus. Proteins, 2, 
111–117.
Bi J, Deng G, Dong J, Kong F, Li X, Xu Q, Zhang M, Zhao L, 
Qiao J. 2010. Phylogenetic and molecular characterization 
of H9N2 influenza isolates from chickens in Northern China 
from 2007–2009. PLoS ONE, 5, e13063.
Brown I H. 2010. Summary of avian influenza activity in Europe, 
Asia, and Africa, 2006–2009. Avian Diseases, 54, 187–193.
Brown I H, Banks J, Manvell R J, Essen S C, Shell W, Slomka 
M, Londt B, Alexander D J. 2006. Recent epidemiology and 
ecology of influenza A viruses in avian species in Europe 
and the Middle East. Developments in Biologicals (Basel), 
124, 45–50.
Butt K M, Smith G J, Chen H, Zhang L J, Leung Y H, Xu K M, 
Lim W, Webster R G, Yuen K Y, Peiris J S, Guan Y. 2005. 
Human infection with an avian H9N2 influenza A virus in 
Hong Kong in 2003. Journal of Clinical Microbiology, 43, 
5760–5767.
Chen F, Yan Z Q, Liu J, Ji J, Chang S, Liu D, Qin J P, Ma J Y, Bi 
Y Z, Xie Q M. 2012. Phylogenetic analysis of hemagglutinin 
genes of 40 H9N2 subtype avian influenza viruses isolated 
from poultry in China from 2010 to 2011. Virus Genes, 45, 
69–75.
Cheng V C, Chan J F, Wen X, Wu W L, Que T L, Chen H, Chan 
K H, Yuen K Y. 2011. Infection of immunocompromised 
patients by avian H9N2 influenza A virus. The Journal of 
Infection, 62, 394–399.
Chen R A, Lai H Z, Li L, Liu Y P, Pan W L, Zhang W Y, Xu J H, 
He D S, Tang Z X. 2013. Genetic variation and phylogenetic 
analysis of hemagglutinin genes of H9 avian influenza 
viruses isolated in China during 2010–2012. Veterinary 
Microbiology, 165, 312–318.
Dai J, Zhou X, Dong D, Liu Y, Gu Q, Zhu B, Wu C, Cai H. 
2014. Human infection with a novel avian-origin influenza 
A (H7N9) virus: Serial chest radiographic and CT findings. 
Chinese Medical Journal, 127, 2206–2211.
Edgar R C. 2004. MUSCLE: Multiple sequence alignment with 
high accuracy and high throughput. Nucleic Acids Research, 
32, 1792–1797.
Fouchier R A, Munster V, Wallensten A, Bestebroer T M, 
Herfst S, Smith D, Rimmelzwaan G F, Olsen B, Osterhaus 
A D. 2005. Characterization of a novel influenza A virus 
hemagglutinin subtype (H16) obtained from black-headed 
gulls. Journal of Virology, 79, 2814–2822.
Guan Y, Shortridge K F, Krauss S, Webster R G. 1999. 
Molecular characterization of H9N2 influenza viruses: Were 
they the donors of the “internal” genes of H5N1 viruses 
in Hong Kong? Proceedings of the National Academy of 
2611SU Xiao-na et al.  Journal of Integrative Agriculture  2016, 15(11): 2604–2612
Sciences of the United States of America, 96, 9363–9367.
Homme P J, Easterday B C. 1970. Avian influenza virus 
infections. I. Characteristics of influenza A-turkey-
Wisconsin-1966 virus. Avian Diseases, 14, 66–74.
Jiang W, Liu S, Hou G, Li J, Zhuang Q, Wang S, Zhang P, Chen 
J. 2012. Chinese and global distribution of H9 subtype avian 
influenza viruses. PLOS ONE, 7, e52671.
Ji K, Jiang W M, Liu S, Chen J M, Chen J, Hou G Y, Li J P, Huang 
B X. 2010. Characterization of the hemagglutinin gene of 
subtype H9 avian influenza viruses isolated in 2007–2009 
in China. Journal of Virological Methods, 163, 186–189.
Kaverin N V, Rudneva I A, Ilyushina N A, Lipatov A S, Krauss 
S, Webster R G. 2004. Structural differences among 
hemagglutinins of influenza A virus subtypes are reflected in 
their antigenic architecture: analysis of H9 escape mutants. 
Journal of Virology, 78, 240–249.
Li C, Yu K, Tian G, Yu D, Liu L, Jing B, Ping J, Chen H. 2005. 
Evolution of H9N2 influenza viruses from domestic poultry 
in Mainland China. Virology, 340, 70–83.
Lin Y P, Shaw M, Gregory V, Cameron K, Lim W, Klimov A, 
Subbarao K, Guan Y, Krauss S, Shortridge K, Webster R, 
Cox N, Hay A. 2000. Avian-to-human transmission of H9N2 
subtype influenza A viruses: relationship between H9N2 
and H5N1 human isolates. Proceedings of the National 
Academy of Sciences of the United States of America, 97, 
9654–9658.
Liu H, Liu X, Cheng J, Peng D, Jia L, Huang Y. 2003. 
Phylogenetic analysis of the hemagglutinin genes of twenty-
six avian influenza viruses of subtype H9N2 isolated from 
chickens in China during 1996–2001. Avian Diseases, 47, 
116–127.
Liu S, Ji K, Chen J, Tai D, Jiang W, Hou G, Chen J, Li J, Huang 
B. 2009. Panorama phylogenetic diversity and distribution 
of type A influenza virus. PLoS ONE, 4, e5022.
Lu X, Renshaw M, Tumpey T M, Kelly G D, Hu-Primmer J, 
Katz J M. 2001. Immunity to influenza A H9N2 viruses 
induced by infection and vaccination. Journal of Virology, 
75, 4896–4901.
Matrosovich M, Tuzikov A, Bovin N, Gambaryan A, Klimov 
A, Castrucci M R, Donatelli I, Kawaoka Y. 2000. Early 
alterations of the receptor-binding properties of H1, H2, 
and H3 avian influenza virus hemagglutinins after their 
introduction into mammals. Journal of Virology, 74, 
8502–8512.
Matrosovich M N, Krauss S, Webster R G. 2001. H9N2 influenza 
A viruses from poultry in Asia have human virus-like receptor 
specificity. Virology, 281, 156–162.
Perez D R, Lim W, Seiler J P, Yi G, Peiris M, Shortridge K 
F, Webster R G. 2003. Role of quail in the interspecies 
transmission of H9 influenza A viruses: Molecular changes 
on HA that correspond to adaptation from ducks to chickens. 
Journal of Virology, 77, 3148–3156.
Rogers G N, Paulson J C, Daniels R S, Skehel J J, Wilson I A, 
Wiley D C. 1983. Single amino acid substitutions in influenza 
haemagglutinin change receptor binding specificity. Nature, 
304, 76–78.
Saito T, Lim W, Suzuki T, Suzuki Y, Kida H, Nishimura S 
I, Tashiro M. 2001. Characterization of a human H9N2 
influenza virus isolated in Hong Kong. Vaccine, 20, 
125–133.
Shen H Q, Yan Z Q, Zeng F G, Liao C T, Zhou Q F, Qin J P, 
Xie Q M, Bi Y Z, Chen F. 2015. Isolation and phylogenetic 
analysis of hemagglutinin gene of H9N2 influenza viruses 
from chickens in South China from 2012 to 2013. Journal 
of Veterinary Science, 16, 317–324.
Shortridge K F. 1992. Pandemic influenza: A zoonosis? 
Seminars in Respiratory Infections, 7, 11–25.
Skehel J J, Wiley D C. 2000. Receptor binding and membrane 
fusion in virus entry: The influenza hemagglutinin. Annual 
Review of Biochemistry, 69, 531–569.
Sun X, Jayaraman A, Maniprasad P, Raman R, Houser K V, 
Pappas C, Zeng H, Sasisekharan R, Katz J M, Tumpey T 
M. 2013. N-linked glycosylation of the hemagglutinin protein 
influences virulence and antigenicity of the 1918 pandemic 
and seasonal H1N1 influenza A viruses. Journal of Virology, 
87, 8756–8766.
Sun Y, Pu J, Fan L, Sun H, Wang J, Zhang Y, Liu L, Liu J. 
2012. Evaluation of the protective efficacy of a commercial 
vaccine against different antigenic groups of H9N2 influenza 
viruses in chickens.Veterinary Microbiology, 156, 193–199.
Sun Y, Pu J, Jiang Z, Guan T, Xia Y, Xu Q, Liu L, Ma B, Tian F, 
Brown E G, Liu J. 2010. Genotypic evolution and antigenic 
drift of H9N2 influenza viruses in China from 1994 to 2008. 
Veterinary Microbiology, 146, 215–225.
Sun Y, Tan Y, Wei K, Sun H, Shi Y, Pu J, Yang H, Gao G F, 
Yin Y, Feng W, Perez D R, Liu J. 2013. Amino acid 316 of 
hemagglutinin and the neuraminidase stalk length influence 
virulence of H9N2 influenza virus in chickens and mice. 
Journal of Virology, 87, 2963–2968.
Suzuki Y. 2005. Sialobiology of influenza: Molecular mechanism 
of host range variation of influenza viruses. Biological & 
Pharmaceutical Bulletin, 28, 399–408.
Tate M D, Job E R, Deng Y M, Gunalan V, Maurer-Stroh 
S, Reading P C. 2014. Playing hide and seek: How 
glycosylation of the influenza virus hemagglutinin can 
modulate the immune response to infection. Viruses, 6, 
1294–1316.
Tong S, Li Y, Rivailler P, Conrardy C, Castillo D A, Chen L M, 
Recuenco S, Ellison J A, Davis C T, York I A, Turmelle A 
S, Moran D, Rogers S, Shi M, Tao Y, Weil M R, Tang K, 
Rowe L A, Sammon S, Xu X, et al. 2012. A distinct lineage 
of influenza a virus from bats. Proceedings of the National 
Academy of Sciences of the United States of America, 
109, 4269–4274.
Tong S, Zhu X, Li Y, Shi M, Zhang J, Bourgeois M, Yang H, 
Chen X, Recuenco S, Gomez J, Chen L M, Johnson A, 
Tao Y, Dreyfus C, Yu W, McBride R, Carney P J, Gilbert 
A T, Chang J, Guo Z, et al. 2013. New world bats harbor 
diverse influenza A viruses. PLOS Pathogens, 9, e1003657.
Weis W, Brown J H, Cusack S, Paulson J C, Skehel J J, Wiley 
D C. 1988. Structure of the influenza virus haemagglutinin 
complexed with its receptor, sialic acid. Nature, 333, 
2612 SU Xiao-na et al.  Journal of Integrative Agriculture  2016, 15(11): 2604–2612
426–431.
Xue Y, Wang J L, Yan Z Q, Li G W, Chen S Y, Zhang X B, Qin 
J P, Li H Y, Chang S, Chen F, Bee Y Z, Xie Q M. 2014. 
Sequence and phylogenetic analysis of surface protein 
genes of emerging H9N2 influenza viruses isolated from 
poultry in two geographical regions of China. Virus Genes, 
48, 479–485.
Ye G, Liang C H, Hua D G, Song L Y, Xiang Y G, Guang 
C, Lan C H, Ping H Y. 2016. Phylogenetic analysis and 
pathogenicity assessment of two strains of avian influenza 
virus subtype H9N2 isolated from migratory birds: High 
homology of internal genes with human H10N8 virus. 
Frontiers in Microbiology, 7, 57.
Yu H, Hua R H, Wei T C, Zhou Y J, Tian Z J, Li G X, Liu T Q, 
Tong G Z. 2008. Isolation and genetic characterization of 
avian origin H9N2 influenza viruses from pigs in China. 
Veterinary Microbiology, 131, 82–92.
Zhang Y, Yin Y, Bi Y, Wang S, Xu S, Wang J, Zhou S, Sun T, 
Yoon K J. 2012. Molecular and antigenic characterization 
of H9N2 avian influenza virus isolates from chicken flocks 
between 1998 and 2007 in China. Veterinary Microbiology, 
156, 285–293.
Zhao J, Chai L N, Wang Z L. 2011. Sequence and phylogenetic 
analysis of the haemagglutinin genes of H9N2 avian 
influenza viruses isolated in central China during 1998– 
2008. Chinese Journal of Virology, 27, 122–128. (in 
Chiense)
(Managing editor  ZHANG Juan)
